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Search for Pentaquarks at BABAR 
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The results of searches for the strange pentaquark states, 05(1540)^, £"5(1860) and £'5(1860)" in data 
recorded by the BABAR experiment are presented. We search for these three states inclusively in 123.4 fb~^ of e"'"e~ 
annihilation data produced at the PEP-II asymmetric storage rings; we find no evidence for their production in any 
physics process, and set limits on their production rates that are well below the measured rates for conventional 
baryons. We also search for S5(1540)^produced in interactions of electrons or hadrons in the material of the 
inner part of the detector. No evidence for this state is found in a sample with much higher statistics than similar 
electroproduction experiments that claim a signal. 



1. Introduction 

Several experiments have recently claimed ob- 
servations [1] of narrow baryonic resonances with 
exotic quantum numbers whose interpretations 
as quark bound states require a minimum con- 
tent of five quarks; these states are denoted as 
65(1540)+ {uudds), =■5(1860)— [ddssu) and its 
corresponding partner S'5(1860)°. On the other 
hand, null results have also been published and 
have now outnumbered the positive claims. The 
interpretation and the comparison of the vari- 
ous experimental results is complicated by the 
problem of comparing different production mech- 
anisms and energy ranges. Therefore it is of in- 
terest to perform high statistics and high resolu- 
tion searches which encompass different produc- 
tion processes. 

This has been done by BABAR by measuring 
upper limits for the production of pentaquark 
states in e+e" annihilations on the one hand 
and on the other hand performing a study of the 
electro- and hadro-prodution of the pentaquark 
state 85(1540)"'" in the material of the inner part 
of the BABAR detector. 

2. The BABAR Detector 

The BABAR experiment is taking data at the 
PEP-II e^e~ collider at center of mass en- 
ergy 10.58 GeV. The BABAR detector is de- 
scribed in detail elsewhere [2]. Charged parti- 



cle track parameters are measured by a five-layer 
double-sided silicon vertex tracker and a 40-layer 
drift chamber located in a 1.5-T magnetic field. 
Charged particle identification is achieved with 
an internally refiecting ring image Cherenkov de- 
tector (DIRC), and by making use of specific en- 
ergy loss {dE/dx) measured in the tracking de- 
vices. Photons and neutral pions are detected 
with an electromagnetic calorimeter consisting of 
6580 CsI(Tl) crystals. An intrumented fiux re- 
turn provides muon identification and detection 
of long-lived neutral hadrons. 

3. Inclusive search in e~^e~ annihilations 

We search for the inclusive production of pen- 
taquark states in e'^e~ — > PX reactions with 
any final state X recoiling against the pentaquark 
candidate P. The analysis is based on 123.4 fb~^ 
of data recorded at or slightly below the T{AS)- 
resonance [3] . Investigations of several of the pos- 
sible strange antidecuplet members usually con- 
sidered as pentaquark candidates have been per- 
formed [4], and in particular the final results for 
the states 95(1540)"^", =■5(1860)— and =5(1860)" 
are reported on here. 

We reconstruct 05(1540)+ in the pKg decay 



mode, where K'i 



' . A sample of Kg can- 



didates is obtained from all pairs of oppositely- 
charged tracks identified as pions, that are con- 
sistent with a common vertex, and yield an in- 
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Figure 1. The distribution of the pKg invariant 
mass for combinations satisfying the criteria de- 
scribed in the text. The same data are plotted 
for the full kinematically-allowed pKg mass range 
and, in the inset, with statistical uncertainties 
and a suppressed zero on the vertical scale, for 
the mass range in which the 05(1540)"'" has been 
reported. 



variant mass and momentum vector in accord 
with Kg production from the e"'"e~ collision axis. 
The p and p candidates are identified by making 
use of the dE/dx information measured with the 
tracking system and the Cherenkov angle 9c de- 
termined with DIRC. Fig. 1 shows the distribu- 
tion of the pKg invariant-mass. No enhancement 
is seen in the region of the reported 05(1540)"'" 
mass (inset in Fig.l), whereas a clear peak at 
2285 MeV/c^ with a mass resolution of about 6 
MeV/c^ containing 98,000 entries is visible, orig- 
inating from Ac — » pKg decays. To be indepen- 
dent of any production mechanism model leading 
to a specific pKg momentum spectrum in CM 
frame {p*) different from that of the background, 
we split the data into subsamples according to the 
value of p* , where each p* interval is 500 McV/c 
wide. No evidence for a signal is found in any of 
these subsamples. 

We quantify this null result for a 05(1540)+ 
mass of 1540 MeV/c^ by fitting a convolution of 
a double-Gaussian (HWHM w 2 MeV/c2)and a 
P-wave Breit-Wigner as the signal lineshape and 



a background polynomial to the invariant-mass 
distribution of each subsample to determine the 
differential production cross section da /dp* from 
the fitted yields. 

Since the intrinsic width of the ©5(1540)+ has 
not been measured until now, we use F = 1 MeV 
(for a narrow 05(1540)+) and F = 8 MeV (best 
upper limit) and quote results for each assumed 
width. We determine the 95% confidence level 
upper limit for the number of produced pen- 



taquarks per e+e 



hadrons event and com- 



pare it to the known production rates of conven- 
tional baryons, assuming 6(05(1540)+— > pKg) 
= 25%. The extracted numbers 5.0 x 10~^/event 
(F = IMeV) and 11 x lO'Vevent (F = 8 MeV) 
are between 8 and 15 times lower than expected 
for conventional baryons. The corresponding 
cross section upper limits are 171 fb and 363 fb. 
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Figure 2. The S'~7r+ (black) and H~7r~ (grey) in- 
variant mass distributions for combinations satis- 
fying the criteria described in the text. The same 
data are plotted for the full kinematically-allowed 
S'~7r+ range and, in the inset, with statistical un- 
certainties and a suppressed zero on the vertical 
scale, for the mass range in which the ^5(1860) 
and ^5(1860)° have been reported. 



We search, as well, for the reported 
^■5(1860) and ^'5(1860)'^ states decaying into a 
B~ and a charged pion, where S~ — > A^Tr~ and 
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pTT^ . The yl° candidates are selected from 
all pairs of oppositely-charged tracks satisfying 
proton and pion identification requirements, and 
are consistent with a common origin. Fig. 2 
shows the invariant-mass distributions for H~7r~ 
and for S^tt^ combinations. In the S^ir^ mass 
spectrum, we see clear signals for the H(1530)" 
and S'c(2470) baryons with 24,000 and 8,000 
entries respectively, but no other structure is 
visible. There are no visible narrow structures in 
the E!~TT~ mass spectrum; the mass resolution at 
« 1.86 GeV/c^ is 8 MeV/c^. As in the previous 
analysis we assume two different intrinsic widths 
of this pentaquark state, namely F = 1 MeV 
(narrow) and F = 18 MeV (resolution of the sig- 
nal claimed by NA49, considered as upper limit) 
to determine the 95% confidence upper limit of 
the production rate in e+e^ interactions. The 
results 0.74 x 10~^/event (for narrow width) and 
1.1 X 10~^/event are 4-6 times lower than those 
for conventional baryons. The corresponding 
cross section upper limits in this case are 25 fb 
and 36 fb, respectively. 

4. Search for ©5(1540)+ in electro- and 
hadro-production 

Most of the positive evidence for exotic pen- 
taquark states has been found in experiments 
based on photo-, electro- or hadro-production re- 
actions on nuclear targets. Therefore a second 
analysis is performed by BABAR which extends 
the search for 85(1540)+ to the interactions of 
secondary hadrons (tracks of every type) and 
beam-halo electrons and positrons in the material 
of the inner part of the BABAR detector, leading 
to inclusive production of the pKg system. 

To reconstruct the pKg candidates, protons are 
identified by evaluating the specific energy loss 
information, dE/dx, measured with the tracking 
system. Kg candidates are selected from all pairs 
of oppositely-charged tracks, which have a max- 
imum distance of closest approach (DOCA) of 3 
mm, a minimum fiight length of 2 mm, and whose 
kinematic fit resulted in a chi-square probability 
P(x^) > 0.001. A candidate (K^, p) vertex is 
defined as the mid-point of the DOCA (required 
to be < 3 mm) of the Kg fiight path and the p 



track. The radius of this vertex with respect to 
the collision axis had to be > 2 cm; this limit 
is inside the beampipe, but well away from the 
collision axis. 

The candidates are shown to reproduce the de- 
tector geometry to a high degree of accuracy giv- 
ing confidence, that these events are due to in- 
teractions in the detector material. However the 
inclusive pKg invariant-mass distribution shows 
no evidence for the 85(1540)+. 

To avoid a possible dilution of a tiny signal 
by complex nuclear breakup processes involving a 
higher number of baryons, pKg candidates with 
a baryon like a, p, p, d 01 t passing the {Kg, p) 
vertex within a DOCA < 3 mm have been re- 
jected. In addition sub-samples with at least one 
associated non baryonic charged track are exam- 
ined. The requirement of an associated 7r+ or K^ 
results in the observation of signals originating 
from K*{892)+ K^s^^ , K*{892)- K^-k- , 
yl(1115) PTT-, A(1520) pK- and indica- 
tions of coupling to ao(980)^ and yl(1405). In 
each case the corresponding pK^ invariant-mass 
distribution shows no evidence for the 85(1540)+. 
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Figure 3. The HERMES pK^ mass distribu- 
tion [5] compared to the corresponding BABAR 
distribution for electroproduction in Be normal- 
ized to the HERMES data for the region above 
1.58GeV/c2. 
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The study was then restricted solely to those 
regions which can be interpreted as correspond- 
ing to electro-production in the beampipe, which 
consists mostly of Be. Again no signal is seen. 
Since there is no quantitative information on the 
flux of beam- halo electrons and positrons, it is 
not possible to derive upper limits for the pro- 
duction cross section or production rates as was 
done in section 3. Therefore the BABAR electro- 
production results arc compared to those of the 
HERMES [5] and ZEUS [6] experiments which 
study e^d and e^p reactions and thus have com- 
parable experimental situations. Fig. 3 shows the 
superposition of the invariant-mass distributions 
measured by BABAR and HERMES. The compar- 
ison seems to indicate a significant loss of accep- 
tance for the HERMES experiment in the pKg 
mass region below « 1.52GeV/c^ resulting in a 
possible overestimation of the significance of the 
05(1540)"'" signal. Compared to the mass distri- 
bution measured by the ZEUS experiment in Fig. 

4, the BABAR spectrum shows no evidence for the 
poorly established baryon candidate 17(1480) [7] 
and 65(1540)"^ signal of the ZEUS analysis. This 
creates serious reservations about the significance 
of the 85(1540)+ observation claimed by this ex- 
periment. 

5. Conclusions 

In summary, we have performed a search 
for the reported pentaquark states 05(1540)+, 
S'5(1860) — and ^5(1860)° in e+e' annihila- 
tions. We find large signals for known baryon 
states but no excess at the measured mass val- 
ues for the pentaquark states. The measured 
upper limits for their production rates are 4- 
16 times lower than those expected for conven- 
tional baryons. These results do not directly dis- 
prove the reported positive evidence due to the 
unknown production mechanism of possible pen- 
taquark states, but are nevertheless highly sug- 
gestive. 

In addition we studied the production of 
65(1540)+ in electro- and hadro-production 
events within the inner part of the BABAR de- 
tector. Again no signal was observed. Further- 
more, the comparison of the BABAR results on 
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Figure 4. The ZEUS pK'^ mass distribution [6] 
compared to the corresponding BABAR distribu- 
tion for electroproduction in Be normalized to the 
ZEUS data for the region below 1.48GeV/c2. 



electro-production in Be to those from the HER- 
MES (e+d) and ZEUS (e+p) experiments leads 
to the conclusion that the prior claims for the ob- 
servation of 85(1540)+ in electro-production are 
less than convincing. 
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